Introduction
Outcome and impact of pediatric sepsis can be measured as the number of complications during acute illness or number and characteristics of sequelae detected months or years after discharge. The so-called primary outcome parameter comprises frequent, clearly identifiable events in pediatric sepsis that vary greatly. Mortality may be as high as 57%, 29% having circulatory shock and 7% of children having organ failure. However, persisting physical and psychological abnormalities are also of interest and are important to the child and his/her family. Follow-up research should be addressed to find out whether or not these abnormalities change over time in the growing children. A significant natural difference between pediatric and adult sepsis is that sepsis afflicts the child at a particular stage of human development, whereas adults are fully grown and developed. Furthermore, it makes a difference whether sepsis occurs in an extremely premature baby with a basic risk for significant, life-long morbidity due to prematurity or older children in their age-dependent different stages of psychosocial development.
In addition, research should also encompass the parents, siblings, or even the whole family, as all have to handle the experience of having family members at the border of infection to the verge of death.
To address the impact of sepsis on physical and mental health after discharge, we searched the "PubMed" database for follow-up studies on pediatric and neonatal sepsis from the year 1990 until January 2017.
sepsis. In preterm infants with neonatal sepsis, mortality may reach 30%.
2,3 However, performance of survivors in life is rarely studied. Specifically, in preterm infants, it is unclear whether bacterial sepsis contributes independently of the immediate consequences of prematurity to a worse longterm outcome.
In the United Kingdom, a thorough database analysis was performed of extremely low-birth-weight infants with a birth weight < 1,500 g born in the 1980s. This retrospective, uncontrolled observational study focused on neurological sequelae at the age of 18 months as a consequence of earlyonset neonatal sepsis. Twelve of the twenty children (60%) with diplegia had suffered from neonatal sepsis. 4 Furthermore, the relative risk of cerebral palsy increased fourfold compared with premature born infants having survived proven sepsis. A nationwide prospective multicenter cohort study in Switzerland examined 541 very-low-birth weight infants born between 24 and 27 weeks of gestation over a study period of 7 years.
5 At 2 years of age, neurodevelopmental outcome was assessed with Bayley Scales of Infant II.
6
Cerebral palsy was detected in 10% of those with cultureproven sepsis compared with 4% of children without infection. Specifically, impairment in neurodevelopment was found in 34 versus 23%, respectively. Proven sepsis was identified as an independent risk factor compared with a priori sequelae of prematurity for both end points, i.e., cerebral palsy and neurodevelopmental impairment.
A recently presented retrospective study of 437 very-lowbirth weight infants in Germany covered a follow-up period of 10 years. 7 In contrast to the previously mentioned study, the frequency of cognitive impairment and cerebral palsy in this vulnerable age group was not dependent on the occurrence of sepsis but on neurological damage, such as intraventricular hemorrhage III, periventricular hemorrhage, periventricular leucomalacia, and furthermore on dependence on the length of mechanical ventilation. Not only early-onset but also late-onset neonatal sepsis might cause health-related impairment later in life. Investigators of a Dutch cohort examined the outcome of verylow-birthweight infants at school age.
8 Fifty-one infants with a culture-proven sepsis were included. Follow-up assessment included standardized motor and cognitive tests. Follow-up was performed at school age, which is a very important first landmark in human development. Thirty-two infants were eligible for analysis. The main finding was that the study population showed on average significant motor function impairment and lower intelligence quotient (IQ). Significant deficits in attention and verbal memory were detected compared with controlled preterm infants without sepsis. Late-onset sepsis with gram-negative bacteria correlated with the worst outcome. This is the only study that analyzed the outcome related to different bacterial strains. Up to now, no studies have focused on sequelae in term infants with bacterial sepsis. Specifically, successfully treated, previously healthy infants should be followed to determine lifelong physical and mental compromise.
Pediatric Sepsis
Pediatric bacterial sepsis afflicts children outside the newborn period until the age of 18 years. Almost all children with bacterial sepsis are treated in a pediatric intensive care unit (PICU) and most of them are discharged to home. In general, the impact of PICU admission and critical illness on the survivors and their parents is studied by appropriate follow-up research not only on physical and psychological abnormalities but also on the quality of life standards. Although, the majority of children survive without sequelae, a considerable number of survivors show life-long physical and psychological sequelae. Utilizing structured medical examinations, Knoester et al examined 186 previously healthy children unexpectedly admitted to the PICU. Three months after discharge, survivors often suffered from multiple physical and neurocognitive problems with an overall morbidity of 38%. Most frequent problems were respiratory (12%), neurological (26%), and miscellaneous (8%).
10 Also, health problems with a numerically lower frequency but with a high impact on quality of life were found, such as skin scars (9%), hoarseness (3%), postthrombotic syndrome (4%), and tracheotomy (2%).
Knowledge of the impact of sepsis on the quality of life is imperative. To answer this question, 81 children, in different age groups, discharged from a Dutch tertiary PICU were evaluated regarding standardized health-related quality of life (HRQoL) questionnaires.
11 Within the first 12 months after discharge, the children showed highly significant lower values for HRQoL compared with age-matched healthy controls. The lowest scores were achieved for the domains of liveliness and problem behavior. Interestingly, health problems evaluated at 3 and 9 months after discharge showed a trend to improve. Specifically, physical abnormalities improved due to the capacity of the body to still grow.
11
Of course, the first few months after a life-threatening illness constitute a very intense period for the child and its family. Not only the child, but also the parents may apparently have to cope with the consequences.
12 However, many traumatic moments remain vividly entangled in mixed emotions, such as self-recrimination and fear of losing the loved child on one hand, and hopes, beliefs, expectations, and happiness that the child has survived, on the other hand. Bacterial sepsis, as one of the most frequent PICU diagnoses and issue of this review, has not been thoroughly studied despite being an independent risk factor determining the outcome. Available data are scarce and consist mostly of follow-up of children with meningococcal septic shock (MSS) due to its endemic occurrence in many countries.
13,14
At a follow-up after 2 years from discharge, 55% of 47 children (28 boys and 19 girls) with MSS admitted to a Dutch tertiary PICU suffered from skin scars and 4% had to cope with amputations. 15 Additionally, 45% confirmed chronic complaints, such as pain, behavioral problems, and motor skill problems. The severity of MSS and the number of complaints correlated with lower scores in the HQRoL questionnaires. Parents were also affected. Not surprisingly, 15% required professional psychiatric therapy due to anxiety and depression.
Time may not heal all wounds. Ten years after acute illness, important sequelae have been found. In a Dutch follow-up clinic for children with MSS, 120 children with a follow-up age of 14.5 years were investigated with standardized physical and mental examinations. 12, 16 Psychological examination included emotional, behavioral, and intelligence tests. Physical examination focused on the specific problems of meningococcal infection, such as skin scaring, orthopaedic problems, and neurological testing. Finally, the HRQoL questionnaires revealed one or more sequelae at follow-up examination in 61% of children. Neurological impairment occurred in 35% of children, which included headache, epilepsy, and focal deficits. Health status was reduced in almost all participants. Interestingly, the investigators also focused on correlations between different outcome parameters. Surprisingly, they found no correlation between major physical abnormalities such as skin scaring or limb amputation and neurological, cognitive, or behavior impairment. This is remarkable and might be related to variable phenomenon of resilience of the children and their whole families.
Children are dependent and embedded into their families. However, it is not clear how young adults still suffer from complaints related to a period of severe sepsis during childhood. Vermunt et al assessed psychological outcome at a mean age of 23 years and at a mean follow-up interval of 13 years. 17 Up to 20% of 58 eligible patients still struggled with behavioral, emotional, and social problems and scored lower during intelligence tests. Some investigators questioned whether organ dysfunction, such as renal and cardiac failure, which is frequently present during MSS, recovers or persists. Twelve of the 21 children with acute renal failure treated with dialysis during MSS showed renal dysfunction, such as reduced glomerular filtration rate, proteinuria, or hypertension 4 years after discharge.
18 However, these abnormalities required no therapy. In pediatric septic shock, circulatory failure is a very common life-threatening phenomenon, and intravenous catecholamines are used in a majority of patients. 13, 19 Myocardial dysfunction may be present in approximately 50% of patients, and therefore, a complete restoration of cardiac function is of great interest. 19 Fortunately, as shown by
Knoester et al in 108 children, only a small number of children showed minor cardiac abnormalities after more than 6 months of discharge. 20 All had a normal medical history and physical examination, and only 6% showed abnormalities either at electrocardiography or echocardiography. None of them needed therapy. Due to the strong interaction between inflammation, coagulation, and compromise of peripheral perfusion, children with MSS have a high risk for orthopaedic problems such as amputation and growth plate arrest.
21 At follow-up, attention
should be given to differences in the growth of limbs. If differences persist, lengthening osteotomy or ankle corrections may be necessary with special care after amputation. School-aged children might be of particular interest for follow-up research. The research would help to understand the reason for the deterioration of their school performance after critical illness. In a study of 88 children, Als et al performed neuropsychological assessment within the first 12 months after sepsis. 22 Additionally, academic performance was tested comparing the educational needs and cognitive function of the children assessed routinely before and on follow-up after illness. Children with sepsis scored worse in neuropsychological function tests compared with the healthy controls. Interestingly, they had the second lowest values compared with other subgroups of children admitted to PICU. Only children with meningoencephalitis performed worse. After returning to school, teachers found deficits in academic skills in approximately 20% of children.
The main topic of this special edition is biomarkers of pediatric sepsis.Theoretically, outcome might correlate with the levels of specific biomarkers of inflammation.
Recently, new biomarkers have been investigated in a single center cohort, whether or not they correlate with short-term outcomes. A total of 90 patients < 18-years-old were included in this study; 30 with severe sepsis or septic shock were compared with 30 age-matched febrile and 30 age-matched healthy controls. The ratio of matrix metalloproteinase 9 to tissue inhibitor of metalloproteinase showed mid-regional pro-atrial natriuretic peptide, and adipocyte fatty acid-binding proteins were not only indicative of the presence of sepsis, but also showed correlation with poorer outcome and length of hospital stay. 23 However, to date, no comprehensive data on the prognostic power of biomarkers exist.
Conclusion
The impact of bacterial sepsis on the child and its family is tremendous and might differ between the various pediatric age groups ranging from preterm and term neonates to school-aged children, adolescents, and young adults. Follow-up on health-related quality of life after critical illness and the correlation between the severity of critical illness and physical/psychological handicaps are very important areas for research. 1 Not only the child but the parents and the whole family are affected by the acute event and should be examined on follow-up. There are no uniformly applicable HRQoL tests, and test intervals are not standardized. A subgroup analysis regarding the bacterium found on culture might also be of interest. Each bacterium interacts with the immune system in a different way. 24 Theoretically, it is conceivable that different bacterial strains may influence longterm outcomes in different ways. However, the incidence of infections caused by different strains is generally so low that a study appears impracticable. Regarding MSS, which still occurs in endemic areas, fortunately, the number of children with MSS is declining due to nationwide vaccination programs.
